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Abstract

Introduction: The study of histopathological changes caused by influenza A (H5NS) viral infection in bird species is
essential for the understanding of their role in the spread of this highly infectious virus. However, there are few such studies
under natural conditions in minor gallinaceous species. This article describes the pathomorphological findings in Colchis
pheasants infected naturally with HSN8 during an epizootic outbreak in Bulgaria. Material and Methods: Samples of internal
organs of 10 carcasses were collected for histopathological and immunohistochemical evaluation, virus isolation and
identification, and nucleic acid detection. Results: Consistent macroscopic findings were lesions affecting the intestine, heart,
lung, and pancreas. Congestion and mononuclear infiltrate were common findings in the small intestine, as were necrosis and
lymphoid clusters in the lamina propria of the caeca. Congestion with small focal necrosis and gliosis with multifocal
nonpurulent encephalitis were observed in the brain. Myocardial interstitial oedema and degenerative necrobiotic processes were
also detected. Immunohistological analysis confirmed systemic infection and revealed influenza virus nucleoprotein in all
analysed organs. Conclusion: Variable necrosis was observed in the brain, liver, trachea, heart, small intestine, and caeca. Viral
antigen was commonly found in the brain, heart, lung and trachea. Contact with migrating waterfowls was suspected as a reason
for the outbreak.
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Introduction chickens is either greater than 1.2 or causes at least
75% mortality in four-to-eight-week-old chickens

Avian influenza, commonly known as fowl infected intravenously. The same classification applies

plague, is caused by viruses with segmented, negative-
sense, single-stranded RNA genomes belonging to the
influenza virus A genus of the Orthomyxoviridae
family. Avian influenza viruses (AIVs) are divided into
subtypes based on the antigenic surface glycoproteins
haemagglutinin (HA) and neuraminidase (NA). To
date, 16 subtypes of HA (H1 to H16) and 9 of NA (N1
to N9) have been identified in birds (2). AIVs are
classified as highly pathogenic for poultry when the
intravenous pathogenicity index in six-week-old

when the characteristic motif of basic amino acids in
the cleavage site of HA is identified after sequence
analysis (19).

H5N8 subtype clade 2.3.4.4 was first detected in
domestic poultry in China in 2010. By 2014, H5NS
highly pathogenic avian influenza (HPAI) viruses had
caused a series of outbreaks among domestic ducks,
chickens, geese, and wild birds in South Korea, and
outbreaks followed in Japan, China, Europe, and North
America (13, 15).
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In early 2014 in its mass distribution in South
Korea, the new HPAI H5N8 virus caused disease on
poultry and wildlife farms, resulting in high mortality
(10, 11, 12). The earlier HPAI H5NS viruses of clade
2.3.44 clustered into two groups: the Buan-like
group A sharing some identity with A/broiler-
duck/Korea/Buan2/2014 and the  Gochang-like
group B sharing some identity with A/breeder-
duck/Korea/Gochang1/2014 (14). Different genotypes
were subsequently detected during the 2016 wave of
HPAI H5N8 virus, which included H5N8 reassortants
being reported in Russia (14), Germany (21), India
(18), and Italy (5).

The history of HPAI in Bulgaria commenced in
2006 with the occurrence of HSN1 in swans and geese
(6). In 2010, HSN1 was reported in common buzzards
(16) and in 2015 in Dalmatian pelicans (25). However,
these cases were observed in wild birds, with only one
outbreak in domestic chickens occurring in a backyard
farm and no ensuing mass distribution or dissemination
of the disease.

The epizootic wave of HPAI H5NS8 at the end of
2016 and beginning of 2017 did not spare Bulgaria.
The geographical location of this country makes it an
important migration spot for migratory birds crossing
Europe, Asia, and Africa. HPAI virus serotype H5N8
was detected in Bulgaria for the first time on 19" of
December 2016 in the Vidin region. By the time the
wave abated, many epizootic outbreaks in domestic and
wild birds had been confirmed in 15 different
administrative regions of Bulgaria. Large farms with
fattening ducks used for foie gras production were
mainly affected. Thousands of birds were diagnosed
and subsequently destroyed as mandated by the
programme for eradication and control of HPAL
A wildlife farm cultivating Colchis pheasants
(Phasianus colchicus) for hunting in the village of
Trunkovo in the Yambol district was also affected, and
as such serves as the object of our study.

HPAI viruses are known to cause a variety of
septicaemic and necroinflammatory changes affecting
the visceral organs and skin in gallinaceous species. In
these species, it is associated with high morbidity and
mortality (28). It has been established that wild
waterfowl play a key role in the ecology of the disease,
as they are the main reservoir and vector of the
infection (8, 26).

The study of histopathological changes caused by
HSNS viral infection in various bird species is essential
for the understanding of their role in the spread of this
highly infectious virus. In particular, research on the
game birds reintroduced into different regions of the
country would help in understanding their role in HPAI
epidemiology.

The body of pathology studies in minor
gallinaceous species such as pheasants is very limited
(2), especially under natural conditions (1).
Understanding the pathogenesis, transmission, and
intra-host evolutionary dynamics of new HPAI viruses

in different avian species (including game birds) is
paramount. The goal of this report is to document gross
and histological lesions and antigen distribution in
Colchis pheasants that died during recent outbreaks of
HPAI in Bulgaria. Game bird farms represent a very
small commercial sector in Bulgaria, but are a sector
that also suffers from HPAI epizootics. The
identification of this sector’s biological potential as an
epidemiological link between the waterfowl reservoir
and the commercial chicken and mule duck populations
is anticipated, with the ultimate goal of refining
surveillance in these populations to enhance early
detection, management, and control in future HPAI
outbreaks.

Material and Methods

A total of 30 carcasses of birds showing clinical
signs were investigated pathologically. Samples of
internal organs of 10 carcasses were collected for
histopathological evaluation. Samples included the
heart, trachea, lung, liver, pancreas, small intestine,
caecum, and brain. The carcasses, all in good condition,
were necropsied, and their visceral organs and brains
were examined macroscopically for gross lesions.
Tissues in good post-mortem condition were collected
aseptically. Half of each selected organ was used for
virus isolation (VI) and PCR, and half for
histopathology and immunohistochemistry. For VI,
a 10% suspension (w/v) of ground sample was prepared
in minimum essential media (pH 7.2-7.4) supplemented
with streptomycin (200 mg/L), penicillin G (2 x 106 IU/L),
nystatin dehydrate (0.5 x 106 IU/L), polymyxin B
(2 x 10° TU/L), gentamicin sulphate (250 mg/L), and
sulphamethoxazole (200 mg/L). Organs from each
carcass were microbiologically tested to exclude
bacteriological infection as a cause of mass mortality in
these bird species.

Virus isolation and identification. After
homogenisation, the samples were centrifuged at 800 g
for 10 min at 4°C. This was followed by inoculation of
200 pL of the supernatant from each organ sample into
the allantoic cavity of three 10-day-old embryonated
chicken eggs. The infected embryos were incubated at
36°C for up to 96 hours and checked daily. All chicken
embryos were found to be dead after 24-48 hours.
Their allantoic fluids were tested for haemagglutination
activity via a haemagglutination assay (HA), and the
HA-positive allantoic fluids were examined for
haemagglutination inhibition (HI) in an assay using
four haemagglutination units per well and
hyperimmune standard serum (H5N1, HSN3) produced
by Instituto Zooprofilattico delle Venezie (4, 17). The
standard OIE procedure was followed for both the HA
and HI assays (19).

Nucleic acid detection. The supernatants of the
tissue homogenates were tested using real time reverse
transcription PCR (rRT-PCR) for detection of the AIV
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matrix gene. RNA extractions were performed with the
High Pure FFPET RNA Isolation Kit (Roche
Diagnostics, Mannheim, Germany). We performed
rRT-PCR with the AcuFlock Influenza A Virus real-
time RT-PCR kit for M - gene (using the specific
primers and probe included in the kit) following the
manufacturer’s protocol. Virus subtyping for H5 (24)
and N8 (9) was performed with a Qiagen One-Step RT-
PCR Kit (Qiagen, Hilden, Germany), with samples
positive for the M - gene according to the Animal and
Plant Health Agency, UK protocol.

Histopathology. Tissue samples were immediately
fixed in 10% buffered formalin, routinely dehydrated,
paraffin embedded, sectioned at 5 um, and stained with
haematoxylin and eosin (H&E). Duplicate sections
were immunohistochemically analysed to determine the
distribution of influenza virus antigens in individual
tissues. Briefly, sections were stained with
a mouse monoclonal antibody against influenza A virus
nucleoprotein  (AASH  anti-influenza A virus
nucleoprotein antibody, Abcam, Cambridge, MA,
USA), followed by a biotinylated goat anti-mouse IgG
secondary antibody. Bound antibodies were detected
with an avidin-biotin detection system (Ventana
Medical Systems, Oro Valley, AZ, USA). The RedMap
kit (Ventana Medical Systems) served as the substrate
chromogen. Histopathological lesions were observed
and documented with a DM 2500 microscope (Leica
Microsystems, Wetzlar, Germany) equipped with
a digital camera and original software.

Results

There were 5,637 adult pheasants on the affected
Colchis pheasant farm at the time of infection. Of
these, 500 birds (approximately 9%) showed nervous
signs of infection (ataxia, opisthotonus) and watery
diarrhoea, and died suddenly. The disease was fatal in

all of the affected birds. The remaining 5,137 pheasants
were humanely destroyed.

Virus isolation and identification. H5N8 virus
was isolated from the visceral organs and brain of
affected pheasants. In all cases of isolated HSNS, the
virus killed chicken embryos within 24—-48 h following
allantoic cavity inoculation in the first passage.
Detailed inspection showed petechial haemorrhages
throughout the body and developmental delay. The
allantoic fluid from dead embryos was tested for
haemagglutination activity, and after HI assays with
different positive sera, it was found that this isolate was
of the H5 subtype.

Nucleic acid detection. PCR for detection of
M-gene following by specific rRT-PCR for H5N8-
analysis showed that the HSN8 AIV was present in the
visceral organs of all birds examined in this study.

Gross lesions. The macroscopic changes observed
in necropsies of pheasants naturally infected with HPAI
HS5N8 virus showed varying severity. A common
finding in all birds examined were lesions affecting the
heart. Well-defined white and discoloured areas of
varying sizes were found in the myocardium.
Frequently, petechial haemorrhages were found on the
epicardial surface of the base of the heart, as well as
varying amounts of yellowish fluid in the pericardial
sac. The liver had well-expressed hyperaemia and
singular focal necrosis (Fig. 1). Lung inspection
revealed congestion complicated by swelling and
singular haemorrhages (Fig. 1). The spleen was
congested and enlarged. The small intestine had
a diffusely hyperaemic mucosa and haemorrhagic
contents mixed with a large amount of mucus. Diffuse
subserosal haemorrhages in the caeca were also
observed (Fig. 2). The surface of the pancreas was
streaked with red-brown spots of varying sizes and
singular petechial haemorrhages. The tracheal mucosa
was oedematous and hyperaemic with a large amount
of bloody viscous secretion.

Fig. 1. Congestion, complicated by haemorrhage in the lung (black arrow) and focal hepatic necrosis (yellow arrow)
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Fig. 2. Diffuse subserosal haemorrhages in the caeca (green arrows) and dystrophic and necrotic changes in the heart (black arrow)

Fig. 3. Histopathological and IHC changes: a) lung — haemorrhagic pneumonia, oedema, emphysema, and atelectasis, 100 x; b) brain —
perivascular and pericellular oedema, 200 x; c) trachea — acute tracheitis, with epithelial desquamation, 200 x; d) myocardium — interstitial
oedema, 100 %; e) lung — IHC expression of anti-influenza A virus nucleoprotein antibody, 200 x; f) brain — IHC expression of anti-influenza A
virus nucleoprotein antibody, 200 x; g) trachea — IHC expression of anti-influenza A virus nucleoprotein antibody, 100 x; h) myocardium — IHC
expression of anti-influenza A virus nucleoprotein antibody, 200 x

Histopathological findings. The Ilung was
characterised by well-expressed congestion and
pulmonary oedema (Fig. 3a). The brain was congested
with small focal necrosis and gliosis with multifocal
non purulent encephalitis (Fig. 3b). Hyperaemia with
oedema and loss of mucoid glands, combined with
lymphocytic-plasmatic  proliferate were observed
regularly in the trachea (Fig. 3c). Myocardial interstitial
oedema and degenerative necrobiotic processes were
detected (Fig. 3d). Dystrophic and necrotic changes in
hepatocytes were observed in the liver. Congestion and
mononuclear infiltrates were a common finding in the
small intestine, as well as necrosis of the lymphoid
clusters in lamina propria. Immunohistological analysis
confirmed systemic infection and revealed influenza
virus nucleocapsid protein in all analysed organs: the
lung 10/10 (Fig. 3a), brain 10/10 (Fig. 3b), tracheal
epithelia 10/10 (Fig. 3c), and cardiomyocytes 10/10

(Fig. 3d). Immunoreactivity was observed in areas with
or without microscopic lesions.

Discussion

The circumstances combined to indicate a strong
threat of outbreaks of HPAI A H5N8 in Bulgaria, and
the disease duly broke out in 2016. Cases of infection
were reported both in wild migratory birds and in
poultry in commercial and backyard farms. Given the
complicated epidemic situation in Asia and Europe, and
the passage through Bulgaria of two major migratory
routes from Asia to Africa, this was an expected
scenario. The introduction of the infectious agent onto
duck farms and other industrial poultry farms was most
likely due to wild migratory birds. At the beginning of
2017, HPAI A H5N8 was found in pheasants on
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a game farm in the Yambol region. The proximity of
the farm to the Trankovo Dam, where many wild
waterfowl spend the winter, was very instrumental in
the introduction of the infection onto the farm. In
addition, detection of the virus in populations of wild
migratory birds during 2016 and 2017 across Europe
and Bulgaria strongly supports this hypothesis.

A recurrent histopathological finding in our study
was the lesions affecting the heart. In addition to
petechial haemorrhages on the epicardial surface of the
basal part of the heart, which is often found by other
authors (7) in swans and other wild waterfowl (12), our
research shows interstitial myocardial oedema and
dystrophic and necrotic changes in cardiomyocytes.
Myocardial damage and the severity of changes in it
are associated with impaired epithelium and increased
blood vessel permeability. Similar changes have been
observed in chickens as a result of systemic infection
with HPAI. Regarding the nature of the established
pathomorphological findings, the most dominant in
incidence and intensity in our cases were myocardial
lesions. In the pathomorphological aspect, they differ
significantly from those described as a result of
HPAI A (H5NB8) infection in swans and other wild
waterfowl (12). In those cases, the lesion manifestations
were expressed mainly in subepicardial haemorrhage
and myocarditis, whereas in all the materials we
studied, besides haemorrhages, the predominant lesion
was the established intermyofibrillar oedema, which
was even noticeable macroscopically. Severe
manifestations of oedema in the myocardium may be
associated with endothelial damage and increased
permeability of coronary vessels in this case. This is
a result of a fatal systemic disease known to be caused
by HPAI HS or H7 viruses in gallinaceous birds (27).
Intensive oedematous lesions could be a direct cause of
atrophic and destructive myofibrillar alterations.
Significant extravasation and large fluid accumulation
in the pericardial sac must also evoke the possibility
that the coronary endothelium is a target for HPAI
viruses. IHC examinations validate the myocardial
lesions as infarction and find multifocal necrosis here
to be primarily associated with virus replication and not
with vascular changes.

The lungs showed evidence of marked congestion,
oedema, and haemorrhage. Congestion and pulmonary
oedema are non-specific changes most likely related to
heart failure due to necrotising myocarditis.
Demonstration of virus antigen in the pulmonary
endothelium by IHC allows us to conclude that these
lesions are specific to virus infection. Highly
pathogenic avian influenza viruses can cause damage in
cells and lead to cell death through necrosis or
apoptosis. Necrosis is associated with direct virus
replication in cells due to high accumulation of viral
nucleoprotein in the cytoplasm and nucleus of infected
cells (27).

Changes in the liver characteristic of dystrophic
and necrobiotic changes fully correspond to those

observed with HPAI HS5NS8 infection found in wild
waterfowl (12).

The clinical neurological signs and observed
congestion with small areas of necrosis and gliosis with
multifocal encephalitis confirm the neurotropism of the
virus. Such results were also found in other studies in
various bird species as a consequence of HPAI H5NS8
infection (12) and more pertinently were found in
minor gallinaceous species (1). The number of
pheasants with encephalitis, in association with high
levels of virus as detected by immunohistochemistry,
suggests that the virus is highly neurotropic, as also
shown by previous studies (3, 20). The mechanisms of
dissemination of the virus in the brain are not yet fully
understood. However, the explanation that the route of
infection also affects the route of dissemination is
plausible. Experimental studies on mice, ferrets, and
chickens suggest that influenza viruses can enter
the central nervous system haematogenously, via
peripheral nerves (23) and the olfactory route (22).
These observations can serve as the foundation for the
hypothesis that the main route of AIV infection of the
brain in pheasants is through the circulatory system.

In conclusion, this study documents the
clinicopathological ~ findings and viral antigen
distribution of natural HPAI HS5NS8 infection in
pheasants. All the birds exhibited multifocal non-
purulent encephalitis, myocardial interstitial oedema
and  degenerative necrobiotic  processes, and
hyperaemia with oedema and loss of mucoid glands,
combined with lymphocytic-plasmatic proliferate in the
trachea. Variable necrosis was observed in the brain,
liver, trachea, heart, small intestine, and caeca. Viral
antigen was commonly found in the brain, heart, lung,
and trachea. The contact between the pheasants and
migrating waterfowl was suspected as a reason for the
outbreak.
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